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(54) Infrared sensor 

(57) In an Infrared sensor including a compensating 
element (12) and an infrared sensitive element (11). the 
main bodies of which consist of temperature-sensing 
layers of germanium and are supported on a single- 
crystal silicon substrate (2) with bridge structures of sil- 
icon oxynitrlde layers (21 , 22); infrared protection layers 



(30, 31 ) individually made of aluminium and/or gold with 
a thickness of 0.1-1.0^m formed on both sides of the 
main body (50) of the compensating element via Insu- 
lating layers of silicon oxynitride of about 0.1-10|j.m for 
almost completely shielding the compensating element 
from incident infrared rays and improving the sensor's 
sensitivity. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an infrared sensor 
for measuring temperatures of objects by means of 
measuring radiation temperatures without making phys- 
ical contacts with the objects. 

2. Description of the Related Art 

An infrared sensor basically comprises an infrared 
sensitrve uiomttnt for captunny inf rareci' rays and a com- 
pensating element for obtaining a signal that is used as 
a basis for calculating the quantity of infrared rays de- 
tected. Such an Infrared sensor has the structure that 
prevents infrared rays from entering the compensating 
element. In order to measure the quantity of infrared 
rays detected by the infrared sensitive element accu- 
rately based on the signal output from the compensating 
element, it is preferable that the compensating element 
and the infrared sensitive element have identical char- 
acteristics. Therefore, it is common to use the same ma- 
terial and shape for both the compensating element and 
the infrared sensitive element to equalize their charac- 
teristics. 

However, the characteristics of these elements may 
differ from each other minutely due to variations in man- 
ufacturing conditions. When a sensor is miniaturized, in 
particular, and delicate temperature changes have to be 
measured accurately, it may become Impossible to com- 
pensate the measured values due to the difference of 
their characteristics. Therefore, it is necessary to eval- 
uate with each sensor if it is necessary to match the 
characteristics of the infrared sensitive element and the 
compensating element. 

Japanese Patent Unexamined Publication JP-A- 
08-159866 (1996) discloses an infrared sensor compris- 
ing an infrared sensitive element for infrared rays, a 
compensating element for compensating the measured 
values of the infrared sensitive element, and a process- 
ing circuit all formed on a single substrate. The elements 
are maintained in a vacuum environment. 

The characteristics of the infrared sensitive element 
and the compensating element are easily equalized as 
they are both formed simultaneously on the identical 
substrate. In other words, there is no need for further 
matching the characteristics between the infrared sen- 
sitive element and the compensating element to im- 
prove the accuracy of the measured values. 

Moreover, the Infrared sensor has the infrared bar- 
rier layer for covering the entire internal surface of a 
package body (comprising top and bottom covers) her- 
metically sealed to maintain a vacuum inside, and an 
infrared transmission aperture provided on an area of 
the infrared sensitive element side of the top cover. In 



other words, the design allows infrared rays to enter an 
element that functions as the infrared sensitive element 
but prevents Infrared rays from entering another ele- 
ment that functions as the compensating element. 
s However, in a design where an infrared transmis- 

sion area is provided in one area of the package body 
and the rays are prevented from entering the sensor 
through any other parts of the package body, it is nec- 
essary to minimize the area of infrared transmission in 

10 order to block infrared rays from the compensating ele- 
ment completely. This causes a problem because it lim- 
its the view angle of the infrared sensitive element and 
the quantity of incident infrared rays, thus reducing the 
sensitivity of the sensor itself. Also, the infrared rays en- 
terwd iriiuuyri ir le rni'iared transmission area makes ran- 
dom reflections inside the package body and may inad- 
vertently enter the compensating element though the 
quantity may be small. Hence, there still remained a 
problem of not being able to detect delicate changes of 

20 infrared rays in the prior art. 

SUMMARY OF THE INVENTION 

The purpose of the present invention is to provide 
2S an infrared sensor with an improved sensitivity by pre- 
venting Infrared rays from entering the compensating el- 
ement. 

In one aspect of this invention, areas through which 
infrared rays may enter the compensating element are 
30 covered with infrared protection layers via insulation lay- 
ers to prevent Infrared rays from entering the compen- 
sating element. 

In another aspect of this invention, an infrared sen- 
sor having infrared protection layers on the front and 
35 back side of the compensating element can be easily 
manufactured. 

Another aspect of the present invention is an infra- 
red sensor comprising: an infrared sensitive element for 
detecting infrared rays; a compensating element for ob- 
40 taining a signal to be used as a basis for calculating a 
quantity of Infrared rays detected; and an infrared pro- 
tection layer formed on a surface of said compensating 
element for protecting it from infrared rays. 

Another aspect of the present invention is a method 
4S of manufacturing an infrared sensor comprising the 
steps of: (a) forming a pattern of first infrared protection 
layer on a first surface of a silicon substrate; (b) forming 
first insulation layers on the first surface and a second 
surface opposite to the first surface; (c) forming a pattern 
so of temperature-sensing layer on the first insulation layer 
on the first surface; (d) forming a wiring pattern on the 
first insulation layer and the temperature-sensing pat- 
tern; (e) forming a pattern of second insulation layer on 
the first surface; (f) forming a wiring pattern on the tem- 
55 perature-sensing layer; (g) forming a third insulation lay- 
er on the first surface; and (h) forming a pattern of sec- 
ond infrared protection layer on the third insulation layer. 
Another aspect of the present invention is a method 
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of manufacturing an infrared sensor comprising the 
steps of: (a) forming first insulation layers on a first sur- 
face and a second surface opposite to the first surface 
of a silicon substrate; (b) fomning a pattern of tempera- 
ture-sensing layer on the first insulation layer on the first s 
surface; (c) forming a wiring pattern on the first insula- 
tion layer and the temperature-sensing pattern; (d) form- 
ing a pattern of second insulation layer on the first sur- 
face; (e) forming a wiring pattern on the temperature- 
sensing layer; (f) forming a third insulation layer on the io 
first surface; (g) forming a pattern of bridge structures 
from the first through third insulation layers on the first 
surface; (h) forming a window frame-shaped pattern 
from the first insulation layer on the second surface; (i) 
etching the second surface using the pattern of the first is 
Insulating layer as a mask to expose an inner surface of 
the first insulating layer on the first surface; (j) forming 
a pattern of infrared protection layer on the inner surface 
of the first insulating layer; and (k) forming a pattem of 
infrared protection layer on the third insulation layer. 20 

Another aspect of the present invention is a method 
of manufacturing an infrared sensor comprising the 
steps of: (a) forming a pattem of first infrared protection 
layer on a first surface of a silicon substrate; (b) forming 
first insulation layers on the first surface and a second 2S 
surface opposite to the first surface of the silicon sub- 
strate; (c) forming a pattem of temperature-sensing lay- 
er on the first insulation layer on the first surface; (d) 
forming a wiring pattern on the first Insulation layer and 
the temperature-sensing pattern; (e) forming a pattem 3o 
of second insulation layer on the first surface; (f) forming 
a wiring pattern on the temperature-sensing layer; (g) 
formlng a third Insulation layer on the first surface; (h) 
forming a pattern of bridge structures from the first 
through third insulation layers on the first surface; (i) 3S 
forming a window frame-shaped pattern from the first 
insulation layer on the second surface; Q) etching the 
second surface using the pattern of the first Insulating 
layer as a mask to expose an Inner surface of the first 
insulating layer on the first surface; and (k) forming a 40 
pattem of second infrared protection layer on the third 
Insulation layer. 

The objects, features, and characteristics of this in- 
vention other than those set forth above will become ap- 
parent from the description given herein below with ref- 45 
erence to preferred embodiments illustrated In the ac- 
companying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

so 

Fig. 1 is a perspective view of an infrared sensor, 
an embodiment of the present invention; 
Fig. 2 Is a schematic cross section illustrating the 
step of forming a first infrared protection layer on 
the back side of the compensating element accord- ss 
Ing to a first embodiment of the method of manufac- 
turing an Infrared sensor of the present invention; 
Fig. 3 Is a schematic cross section illustrating the 



step of forming a first insulation layer; 
Fig. 4 is a schematic cross section illustrating the 
step of forming a temperature-sensing layer; 
Fig. 5 Is a schematic cross section illustrating the 
step of forming lead wires and a contact pad as wir- 
ing pattern; 

Fig. 6 is a schematic cross section Illustrating the 
step of forming a second insulation layer; 
Fig. 7 Is a schematic cross section illustrating the 
step of forming an aluminum layer that constitutes 
the wiring pattern; 

Fig. 8 is a schematic cross section illustrating the 
step of forming a third insulation layer that consti- . 
tutes a protective layer on the substrate surface; 
Fig. 9 is a schematic cross section illustrating the 
step of forming a second infrared protection layer 
on the compensating element surface; 
Fig. 10 Is a schematic cross section illustrating the 
step of forming contact holes on the contact pad; 
Fig. 11 is a schematic cross section illustrating the 
step of forming bridge structures; 
Fig. 12 is a schematic cross section Illustrating the 
step of forming bridge structures according to a sec- 
ond embodiment of the method of manufacturing an 
infrared sensor; 

Fig. 13 Is a schematic cross section illustrating the 
step of forming a first infrared protection layer on 
the back side of the compensating element; 
Fig. 14 is a schematic cross section illustrating the 
step of forming a second infrared protection layer 
on the compensating element surface; 
Fig. 15 Is a schematic cross section illustrating the 
step of forming contact holes on the contact pad ac- 
cording to a third embodiment of the method of 
manufacturing an infrared sensor; 
Fig. 1 6 is a schematic cross section illustrating the 
step of forming bridge structures; and 
Fig. 17 is a schematic cross section illustrating the 
step of forming a second infrared protection layer 
on the compensating element surface. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The embodiments of this invention will be described 
below with reference to the accompanying drawings. 

Fig. 1 is a perspective view illustrating the structure 
of an infrared sensor to which the present Invention Is 
applied. The wiring, contact pad, and insulation layers 
except the bridge structures are omitted from the draw- 
ing. 

The Infrared sensor 1 comprises an Infrared sensi- 
tive element 1 1 that detects infrared rays and a compen- 
sating element 12 supported by four bridge structures 
20 in a space provided on a single crystal silicon sub- 
strate 2. 

Both the Infrared sensitive element 11 and the com- 
pensating element 12 have a main body 5, which is 
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made of the same material and has the same shape. In 
this embodiment, the main body 5 comprises germani- 
um used as the material of the temperature-sensing lay- 
er to which metal wires are attached by ohmic connec- 
tion. The infrared sensitive element 11 and the compen- s 
sating element 12 constitute an element structure called 
"thermistor type bolometer". Single crystal, polycrystal 
or amorphous of silicon, semiconductor compounds of 
GaAs and ceramics may be used as the temperature- 
sensing layer. A temperature-sensing layer itself made io 
of one of the above materials, or a combination of such 
a temperature-sensing layer and metal wiring can be 
used as the main body. In other words, various items 
that can be used for conventional infrared sensors, can 
be used here. '5 

The main body 5 of the infrared sensitive element 
11 is covered by an insulation layer and infrared rays 
are not blocked from it. On the other hand, both sides 
of the compensating element 12 are covered by infrared 
protection layers 30, 31 via insulation layers to block in- 20 
frared rays. The Infrared protection layers 30, 31 can 
almost completely block stray infrared rays from the 
compensating element 12. Incidentally, the infrared pro- 
tection layer is to cover an area through which infrared 
rays may enter the compensating element. Accordingly, 25 
when infrared rays may enter only one side of the com- 
pensating element, or when random reflections of the 
infrared rays, which are entered through the infrared 
transmission area. Inside the package body may be dis- 
regarded by reason of inner walls of the package body 30 
constituting the black body, it is not necessary to form 
the Infrared protection layers on both sides of the com- 
pensating element 12. 

Aluminum and copper are particularly preferable as 
the materials for Infrared protection layers 30, 31 as they 35 
can be easily applied In the first embodiment according 
to a manufacturing method described later. Incidentally, 
gold is also preferable in the second embodiment de- 
scribed later. It goes without saying that various metals 
such as molybdenum, tungsten and titanium that are 40 
commonly used in the manufacturing process of semi- 
conductor devices, as well as their alloys and silicides, 
can be used as well. These materials are preferable as 
the infrared protection layers for the compensating ele- 
ment not only because they block infrared rays but also 
because they are capable of reflecting infrared rays due 
to glossiness of their surfaces. 

In the present embodiment of the invention, the in- 
frared barrier layers or the Infrared protection layers 30, 
31 are made of aluminum and/or gold. The thickness of so 
the aluminum and gold layer is chosen to be about 
0.1-1.0|un to block infrared rays completely on the as- 
sumption that the wavelength of infrared rays is in the 
range of 5-25M.m. 

Silicon oxynitride layers, which will be discussed lat- ss 
er, are used as the insulation layers between the infrared 
protection layers 30, 31 of the compensating element 
1 2 and the main body 5. The gap between the main body 
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5 and the infrared protection layers 30, 31 (i.e., the thick- 
ness of the silicon oxynitride layers) is preferably 
0.1-10|am. This gap is preferably as thin as possible so 
long as the necessary insulation Is achieved. However, 
the minimum thickness obtainable from the current sem- 
iconductor device manufacturing technology Is approx- 
imately 0.1 i^m. On the other hand, the upper limit of the 
thickness is chosen to be approximately 10}im because 
the thicker the layer takes the longer it takes to be 
formed. Of course, It Is possible to form a layer thicker 
than this upper limit, but if a layer is too thick, it may 
introduce infrared rays between the main body 5 of the 
compensating element and the infrared protection lay- 
ers 30, 31 . 

Bridge structures 20 support the silicon substrate 2 
as well as the Infrared sensitive element 11 and the com- 
pensating element 12 under an electrically separated 
condition. In the present embodiment of the invention, 
the bridge structures 20 are formed from an insulation 
layer made of silicon oxynitride. Also, a silicon oxide lay- 
er, a silicon nitride layer or a lamination of them can be 
used for forming the bridge structure 20. However, con- 
sidering its strength as the bridge structure member suf- 
ficient to support the infrared sensitive element and the 
compensating element, and a stress difference between 
it and the silicon substrate, a silicon oxynitride is the 
most preferable material. Because It has the character- 
istics of both silicon oxide and silicon nitride and a good 
stress balance. The bridge structure can have a canti- 
lever or diaphragm type structure in addition to the style 
applied in this embodiment, which is supported by four 
bridges. 

Next, a first embodiment according to the method 
of manufacturing the Infrared sensor of the present In- 
vention will be described referring to Figs. 2 through 11 . 
The method of manufacturing the infrared sensor is es- 
sentially equal to that of semiconductor devices. There- 
fore, only the subjects unique to the structural features 
of the infrared sensor will be covered in the following 
description. 

The first step is to form an infrared protection layer 
31 on the front surface of the silicon substrate 2 as 
shown In Fig. 2. 

First, a silicon substrate with (100) crystal plane ori- 
entation Is prepared. Next, as in the process of manu- 
facturing semiconductor devices, the silicon substrate 2 
Is washed and the oxidation layers naturally formed on 
both sides of the silicon substrate are removed. Then, 
on the surface of the silicon substrate 2, an aluminum 
layer, which will be a first infrared protection layer 31 on 
the back side of the compensating element, is formed 
using a DC sputter until it grows to a thickness of 0. 1 ^im. 
Next, a pattern is applied on the first Infrared protection 
layer 31 of the silicon substrate 2 by means of photoli- 
thography and wet etching using a conventional resist 
material to remove everything except the compensating 
element area. If copper is to be used in place of alumi- 
num, it is possible to form a copper layer by means of 
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the vacuum deposition method, and patterning can be 
done by means of photolithography and wet etching us- 
ing nitric acid as the etchant. 

The silicon substrate 2 can be produced, if so de- 
sired, ifrom the same material used in substrates of con- 
ventional semiconductor devices (memory, logic LSI, 
etc.). Also, a thinly ground materia! can be used in order 
to facilitate the etching process of the silicon substrate 
in a later step to be explained afterward (refer to Fig. 11 ). 

Next, first insulation layers 21 , 22 are to be formed 
on both sides of the silicon substrate 2 as shown in Fig. 
3. The first insulation layers 21 , 22 are constituted of 
silicon oxynitrlde layers of l^m thickness formed by the 
plasma CVD. 

The reason that the plasma CVD method is used 
for forming the silicon oxynitride layers is that the infra- 
red protection layer was formed using aluminum in the 
previous step. In other words, the plasma CVD method 
is^sed because of its lower layer forming temperature 
compared to those of the normal pressure CVD and the 
reduced pressure CVD methods as aluminum prohibits 
the use of a high temperature process. If a high melting 
temperature metal such as molybdenum, titanium or 
tungsten is used for the infrared protection layer, a high 
temperature process can be used In addition to the plas- 
ma CVD method. 

The silicon oxynitride layer formed as the first insu- 
lation layer 22 on the back side of the silicon substrate 
2 will be used as the mask in etching the silicon sub- 
strate in a later step. Therefore, the silicon oxynitride 
layer can be formed independently in a later separate 
step if so desired. For example, after silicon oxynitride 
layers are foniied on both sides of the silicon substrate 
2 with the conventional CVD method, only the layer on 
the front surface is removed to expose the surface of 
the silicon substrate, then an aluminum layer, which is 
to become the first infrared protection layer 31 , is formed 
on the surface and, finally, the first insulation layer 21 
consisting of a silicon oxynitride layer is formed to pre- 
pare for the processes that follow. 

Depending on the selection of the echant for the 
etching process of the silicon substrate, it is also possi- 
ble to use silicon oxide in place of silicon oxynitride. The 
thermal oxidation method can be used to form the insu- 
lation layer in this case. Also, a mask made of a plastic 
material, such as the resist, can be used so long as it 
can withstand the etching process of the silicon sub- 
strate. In such a case, it Is necessary to coat the silicon 
substrate immediately before the etching process in a 
later step, with the plastic material to be used as the 
mask. 

Next, a temperature-sensing layer 50 of the ele- 
ment main body Is formed as shown In Fig. 4. 

The temperature-sensing layer 50 is a germanium 
layer with a thickness of I.O^im, to be formed by the sput- • 
tering process on the silicon oxynitride layer (first insu- 
lation layer) 21 of the silicon substrate 2. The tempera- 
ture-sensing layer 50 Is processed by patterning using 



the photolithography and the reactive Ion etching meth- 
ods. 

Next, a contact pad 45 and lead wiring connected 
to the element main body are formed on the silicon ox- 
5 ynltride 21 located on the front surface of the silicon sub- 
strate 2 as shown in Fig. 5 (formation of wiring pattern). 

In order to accomplish this, first of all, the silicon 
substrate 2 is coated with a resist. The resist is then pat- 
terned using photolithography. A chromium layer 41, a 
10 copper layer 42, and a titanium layer 43 are fonmed on 
the resist pattem by means of the vacuum deposition 
method. Next, in order to leave the area to generate a 
contact pad. a resist mask is formed on the area. The 
copper layer 42 and the titanium layer 43 are then 
etched using an echant such as nitric acid to form a con- 
tact pad 45. The wiring will be completed by the lift-off 
method. 

Next, a second insulation layer 51 for the wiring Is 
formed on the temperature-sensing layer (germanium 
20 layer) 50 as shown in Fig. 6. The second insulation layer 
51 consists of a silicon oxynitride layer formed to cover 
the entire substrate surface and patterned to produce a 
comb shape on the temperature-sensing layer 50. As 
the patterning process, either a dry etching, e.g., chem- 
2S ical dry etching or reactive ion etching, or a wet etching 
using buffer hydrofluoric acid can be used. However, in 
case of a wet etching, it Is necessary to form an etching 
protection layer with resist for the entire back surface to 
protect the silicon oxynitride layer on the back surface 
30 of the silicon substrate. 

Next, a wiring pattern 61 is formed on the temper- 
ature sensitive layer 50 as shown in Fig. 7. Wiring 61 is 
formed from aluminum using the RF sputtering method. 
In this case, a comb-shaped silicon oxynitride layer 
35 (second insulation layer) 51 is already formed on the 
temperature sensitive layer 50. Therefore, when alumi- 
num is sputtered on the temperature-sensing layer 50, 
it forms comb-shaped wiring. The unnecessary part of 
the formed aluminum layer 61 is then removed by pho- 
40 tolithography and etching. 

Afterthat, athird insulation layer 71, which will serve 
as the protective layer of the substrate's surface, is 
formed as shown in Fig. 8. The third insulation layer 71 
consists of a silicon oxynitride layer. Since aluminum is 
45 used as the wiring material and the infrared protection 
layer, a high temperature process cannot be used. 
Therefore, the plasma CVD method Is used because of 
its lower layer forming temperature compared to those 
of the normal pressure CVD and the reduced pressure 
so CVD methods. 

Next, a second infrared protection layer 30 is 
formed on the front surface side of the compensating 
element 1 2 as shown In Fig. 9. The second infrared pro- 
tection layer 30 is an aluminum layer with a thickness of 
>5 0.1 p/n. which is patterned using photolithography and 
etching to leave only an area corresponding to the com- 
pensating element 12. 

Then, a contact hole 81 is formed on the contact 
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pad area as shown In Fig. 10. It is formed by etching the 
silicon oxynitride layer (third insulation layer) 71 by 
nneans of photolithography and reactive Ion etching to 
expose the surface of the contact pad area. 

Next, the bridge structure is fornned as shown in Fig. s 

11. 

In order to accomplish it, the silicon oxynitride layers 
(first through third insulation layers) 21, 51 and 71 are 
coated with the resist. The resist is then pattemed with 
a shape of the bridge structure by means of photolithog- io 
raphy. The silicon oxynitride layers 21 . 51 and 71 are 
etched by means of reactive ion etching to cause the 
expose everything except the bridge structure areas of 
the silicon substrate 2, thus forming the pattern of the 
biidga olruclurc. is 

Finally, the silicon oxynitride layer (first insulation 
layer) 22 on the back surface of the silicon substrate 2 
Is etched to form a window frame-shaped pattern that 
corresponds to a frame work of the infrared sensor. With 
the remaining window frame-shaped silicon oxynitride 20 
layer 22 serving as the mask, the back side (inside of 
the frame) of the elements of the silicon substrate 2 is 
wet etched using hydrazine hydrate (N2H4.H2O) as the 
echant. 

Thus, the infrared sensor as shovwTs in Fig. 1 is pro- 25 
duced, wherein the infrared sensitive element 11 and 
the correcting element 1 2 are supported by bridge struc- 
tures. In case of the Infrared sensor, infrared rays are 
almost completely blocked out of the main body of the 
compensating element 12 as the main body 5 of the 30 
compensating element 12 is covered by the Infrared pro- 
tection layers 30, 31 made of aluminum. 

Next, a second embodiment according to the meth- 
od of manufacturing the infrared sensor of the present 
invention will be described referring to Figs. 12 through 3S 
1 4. The second embodiment is characterized by that the 
infrared protection layers are formed in the later steps. 
Namely, the second embodiment is the same as the first 
embodiment concerning the steps to the formation of 
bridge structures except the steps of forming a pattern 40 
of first infrared protection layer and forming a pattern of 
second infrared protection layer. Thus, steps after the 
formation of bridge structures will be explained mainly. 

First, without the formation of the first infrared pro- 
tection !ayer in advance, the first insulation layers 21 and 4S 
22, the temperature-sensing layer 50, the wiring pattern, 
the second insulation layer 51 , the wiring pattern on the 
temperature-sensing layer 50. the third insulation layer 
71, the contact hole 81, and the bridge structures are 
formed in order (refer to Figs. 3-8. 10 and 11 ). As a re- so 
suit, a semi-finished infrared sensor comprising the in- 
frared sensitive element 11 and the compensating ele- 
ment 12 supported on the silicon substrate 2 by means 
of the bridge structure is obtained as shown in Fig. 12. 
Incidentally, a high temperature process may be applied ss 
to the formation of the silicon oxynitride layers as the 
insulation layers because of no existence of a low melt- 
ing temperature metal such as aluminum. Thus, the nor- 



mal pressure CVD and the reduced pressure CVD 
methods can be used in addition to the plasma CVD 
method. 

Next, a gold layer 31 ' as the first infrared protection 
layer is formed on the back side of the first insulating 
layer 21 on the front side of the silicon substrate 2, which 
corresponds to the back side of the main body of the 
compensating element 1 2, by means of spattering using 
a mask (not shown), as shown in Fig. 13. 

Finally, a gold layer 30' as the second infrared pro- 
tection layer is formed on the third insulation layer 71 on 
the front side of the main body of the compensating el- 
ement 12 as shown in Fig. 14. In consequence, a fin- 
ished infrared sensor, in which the compensating ele- 
menL 12 is covered with the infrared protection layers 
(gold layers) 30' and 3V, is produced. Incidentally, the 
thickness of the gold layer is chosen to be about 
0.1-1.0^m to block infrared rays completely on the as- 
sumption that the wavelength of Infrared rays Is in the 
range of 5-25^m. If an area through which Infrared rays 
may enter the compensating element, is considered on- 
ly one side of the compensating element, the first infra- 
red protection layer forming step (refer to Fig. 13) may 
be omitted. 

Next, a third embodiment according to the method 
of manufacturing the infrared sensor of the present in- 
vention will be described referring to Figs. 15 through 
17. The third embodiment is characterized by combining 
the first embodiment with the second embodiment. To 
put it concretely, a material constituting the first Infrared 
protection layer is different from a material constituting 
the second infrared protection layer and the steps to the 
formation of bridge structures are the same as the first 
embodiment except the step of forming a pattern of sec- 
ond infrared protection layer 

Particularly, the first infrared protection layer 31 of 
aluminum, the first Insulation layers 21 and 22, the tem- 
perature-sensing layer 50. the wiring pattern, the sec- 
ond insulation layer 51, the wiring pattern on the tem- 
perature-sensing layer 50. and the third Insulation layer 
71 are formed in order (refer to Figs. 2-8). Since the in- 
frared protection layer was formed using aluminum, the 
plasma CVD method Is used for forming the insulation 
layers as the silicon oxynitride layers. 

Next, the contact hole 81 is formed on the contact 
pad area without the formation of the second infrared 
protection layer as shown in Fig. 15. It is formed by etch- 
ing the silicon oxynitride layer (third insulation layer) 71 
by means of photolithography and reactive ion etching 
to expose the surface of the contact pad area in the 
same way as the first embodiment. 

Then, the bridge structure is formed as shown in 
Fig. 1 6. The process includes steps of forming a pattern 
of bridge structure by means of the combination of pho- 
tolithography and reactive ion etching, forming a window 
frame-shaped pattern, which corresponds to the frame 
work of involving infrared sensor, by means of etching, 
and wet-etching the back surface (inside of the frame) 
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of the silicon substrate 2, which corresponds to the back 
side of the elements In the same way as the first em- 
bodiment. 

Finally, the gold layer 30' as the second infrared pro- 
tection layer is formed on the third insulation layer 71 on 
the front side of the compensating element 1 2 as shown 
in Fig. 17. Thus, the infrared sensor Is produced, where- 
in the main body of the compensating element is cov- 
ered by the second infrared protection layer of gold and 
the first Infrared protection layer of aluminum. 

As explained in the above, the present invention 
can prevent Inclining incident or circumventing incident 
Infrared rays caused by reflections, which were inevita- 
ble in the prior art as the prevention means were simple 
shelters, from reaching the compensating element. Be- 
cause the Infrared protection layers are formed via the 
insulation layers in the areas of the compensating ele- 
ment where the incident infrared rays must be prevent- 
ed. As a result, the quantity of infrared rays can be more 
accurately detected. Moreover, if the infrared protection 
layers are capable of reflecting infrared rays, the infra- 
red protection effect can be further enhanced. Further- 
more, an infrared sensor having infrared protection lay- 
ers on the front and back sides of the compensating el- 
ement can be easily manufactured. 

It is obvious that this invention Is not limited to the 
particular embodiments shown and described above but 
may be variously changed and modified without depart- 
ing from the technical concept of this invention. For ex- 
ample, the invention can be applied not only to circular 
disk type compensating elements but also to those of 
egg shapes or cylindrical shapes. Moreover, the entire 
compensating element can be covered with an infrared 
protection layer, if It is desired to shield the entire com- 
pensating element. 

Incidentally, the entire disclosure of Japanese Pat- 
ent Application No. 09-164220 filed on June 20, 1997, 
including the specification, claims, drawings and sum- 
mary are incorporated herein by reference in its entirety 



Claims 

1. An infrared sensor comprising: 

an Infrared sensitive element for detecting in- 
frared rays; 

a compensating element for obtaining a signal 
to be used as a basis for calculating a quantity 
of infrared rays detected; and 
an Infrared protection layer formed on a surface 
of said compensating element for protecting it 
from infrared rays. 

2. An infrared sensor according to claim 1, in which 
said infrared sensitive element and said compen- 
sating element are supported on a silicon substrate 
by means of bridge structures. 
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An infrared sensor according to claim 1, further 
comprising an infrared protection layer formed on 
the other surface of said compensating element for 
protecting it from infrared rays. 

An infrared sensor according to claim 3, in which 
said infrared protection layers are individually made 
of a material that reflects infrared. 

An infrared sensor according to claim 4, in which 
said materials constituting said infrared protection 
layers are individually metal. 

An infrared sensor according to claim 5, in which 
said metals constituting said infrared protection lay- 
ers are individually aluminum or gold. 

An infrared sensor according to claim 3, in which 
said infrared protection layers are Individually made 
of a material that is capable of shielding infrared 
rays. 

An infrared sensor according to claim 3, further 
comprising an insulation layer held between one of 
the surfaces and one of said Infrared protection lay- 
ers, and an insulation layer held between the other 
of the surfaces and the other of said infrared pro- 
tection layers. 

A method of manufacturing an infrared sensor com- 
prising the steps of: 

(a) forming a pattern of first infrared protection 
layer on a first surface of a silicon substrate; 

(b) forming first insulation layers on the first sur- 
face and a second surface opposite to the first 
surface; 

(c) fomning a pattem of temperature-sensing 
layer on the first insulation layer on the first sur- 
face; 

(d) fomriing a wiring pattem on the first insula- 
tion layer and the temperature-sensing pattem; 

(e) forming a pattern of second insulation layer 
on the first surface; 

(f) forming a wiring pattern on the temperature- 
sensing layer; 

(g) forming a third insulation layer on the first 
surface; and 

(h) forming a pattem of second infrared protec- 
tion layer on the third insulation layer. 



10. A method of manufacturing an infrared sensor ac- 
cording to claim 9, in which said first and second 
Infrared protection layers are made of a material 
that reflects infrared rays. 

11. A method of manufacturing an Infrared sensor ac- 
cording to claim 10, in which said material is metal. 
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12. A method of manufacturing an infrared sensor ac- 
cording to claim 11, in which said metal is aluminum. 

13. A method of manufacturing an infrared sensor ac- 
cording to claim 9, in which said first and second 
infrared protection layers are made of a materia! 
that is capable of shielding infrared rays. 

14. A method of manufacturing an infrared sensor ac- 
cording to claim 9, further comprising the steps of 
(i) forming a pattern of bridge structures from the 
first through third insulation layers on the first sur- 
face, (j) forming a window frame-shaped pattern 
from the first insulation layer on the second surface, 
and (k) eiching the second surface Using the lirsi 
Insulating layer as a mask. 

1 5. A method of manufacturing an infrared sensor com- 
prising the steps of: 

(a) forming first insulation layers on a first sur- 
face and a second surface opposite to the first 
surface of a silicon substrate; 

(b) forming a pattern of temperature-sensing 
layer on the first insulation layer on the first sur- 
face; 

(c) forming a wiring pattern on the first insula- 
tion layer and the temperature-sensing pattern; 

(d) forming a pattern of second insulation layer 
on the first surface; 

(e) forming a wiring pattern on the temperature- 
sensing layer; 

(f) forming a third insulation layer on the first 

surface; 

(g) forming a pattern of bridge structures from 
the first through third insulation layers on the 
first surface; 

(h) forming a window frame-shaped pattern 
from the first insulation layer on the second sur- 
face; 

(i) etching the second surface using the pattern 
of the first insulating layer as a mask to expose 
an inner surface of the first insulating layer on 
the first surface; 

(j) forming a pattern of infrared protection layer 
on the inner surface of the first insulating layer; 
and 

(k) forming a pattern of infrared protection layer 
on the third insulation layer. 

16. A method of manufacturing an infrared sensor ac- 
cording to claim 1 5, in which said infrared protection 
layer is made of a material that reflects infrared 
rays. 

17. A method of manufacturing an infrared sensor ac- 
cording to claim 1 6, in which said material is metal. 
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18. A method of manufacturing an infrared sensor ac- 
cording to claim 17, in which said metal is gold. 

19. A method of manufacturing an infrared sensor ac- 
cording to claim 1 5, in which said infrared protection 
layer is made of a material that is capable of shield- 
ing infrared rays. 

20. A method of manufacturing an infrared sensor com- 
prising the steps of: 

(a) forming a pattem of first infrared protection 
layer on a first surface of a silicon substrate; 

(b) forming first insulation layers on the first sur- 
face and a second sunace opposite to the first 
surface of the silicon substrate; 

(c) forming a pattem of temperature-sensing 
layer on the first insulation layer on the first sur- 
face; 

(d) forming a wiring pattem on the first insula- 
tion layer and the temperature-sensing pattern; 

(e) forming a pattern of second Insulation layer 
on the first surface; 

(f ) forming a wiring pattern on the temperature- 
sensing layer; 

(g) forming a third Insulation layer on the first 
surface; 

(h) forming a pattern of bridge structures from 
the first through third insulation layers on the 
first surface; 

(i) forming a window frame-shaped pattern from 
the first insulation layer on the second surface; 
(j) etching the second surface using the pattern 
of the first insulating layer as a mask to expose 
an inner surface of the first insulating layer on 
the first surface; and 

(k) forming a pattem of second Infrared protec- 
tion layer on the third insulation layer. 

21. A method of manufacturing an infrared sensor ac- 
cording to claim 20, in which said first and second 
infrared protection layers are individually made of a 
material that reflects infrared rays. 



-^5 22. A method of manufacturing an infrared sensor ac- 
cording to claim 21 . In which said materials consti- 
tuting said first and second infrared protection lay- 
ers are individually metal. 

so 23. A method of manufacturing an infrared sensor ac- 
cording to claim 22, in which said metal constituting 
the first infrared protection layer is aluminum and 
said metal constituting the second infrared protec- 
tion layer Is gold. 
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24. A method of manufacturing an infrared sensor ac- 
cording to claim 20, in which the first and second 
infrared protection layers are individually made of a 
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material that is capable of shielding infrared rays. 
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